We present homogeneous and standardized UBV(RI ) C JHK photometry for over 100 M stars selected from an earlier paper on the basis of apparent photometric constancy. L photometry has been obtained for stars brighter than about L = 6. Most of the stars have a substantial number of UBV(RI ) C observations and, it is hoped, will prove useful as red supplementary standards. Additionally, we list JHK photometry for nearly 300 Hipparcos red stars not selected as standards, as well as L photometry for the brightest stars.
I N T RO D U C T I O N
In a previous paper, Koen et al. (2002; hereafter Paper I) lamented the lack of red standards for UBV(RI ) C photometry and presented observations of nearly 550 red stars extracted from the Hipparcos data base using the following criteria: no Hipparcos variability flag; colour (V − I) > 1.7; declination further south than δ = +10
• ; and brightness fainter than V = 7.6 mag. A problem in establishing red standards is that many (if not all) M stars are variable at some level -use of the extensive Hipparcos data base at least helps to eliminate the overtly variable objects. Selecting (V − I) > 1.7 essentially ensures that we are observing M-type stars and the other criteria select the reddest stars easily accessible at the South African Astronomical Observatory (SAAO) with a small telescope without saturating the detector.
The Paper I photometry was standardized using the supplementary red stars measured by Kilkenny et al. (1998) and was shown to be in good agreement with the results of Bessell (1990) , for example. The programme was carried out partly because it was felt that the homogeneous, standardized photometry would be useful for the redder stars and partly so that selected stars could be further observed to provide additional red secondary standards. For the latter purpose, we chose about a hundred of the Paper I Hipparcos stars which seemed to have constant brightness and re-observed them over about three years. We also obtained JHK (and for the brightest stars, L) photometry for 389 of the original (Paper I) stars. The results are presented below.
(Note that, as in Paper I, we refer to (V − R) and (V − I) colours without a 'C' subscript; in all cases it should be understood that we refer to the UBV(RI ) C system, that is to say the RI photometry is on the Kron-Cousins system.) E-mail: dmk@saao.ac.za
U B V R I P H OTO M E T RY
All UBVRI observations were made using the 0.5-m telescope and photomultiplier-based modular photometer (Kilkenny et al. 1988) at the Sutherland site of the SAAO between 2002 January and 2004 September. The usual SAAO reduction procedures were followed; these are briefly described in the appendix to Kilkenny et al. (1998) in the context of the determination of colour equations, and extensive comments on the reduction and standardization of red star photometry were made in Paper I and will not be repeated here. Suffice it to say that careful determinations of the colour equations for the system were made three times during the observation period and no significant differences were found, so the same colour equations were used for all observations. We believe that we have assembled a homogeneous set of photometric measurements.
Along with the Hipparcos stars, we observed a sample of the Gliese & Jahreiss (1979) stars proposed as supplementary red standards by Kilkenny et al. (1998) . In fact, some of these observations were used to establish the colour equations, but mainly the GlieseJahreiss (GJ) stars were observed routinely mixed amongst the general programme stars. Fig. 1 shows a comparison between the GJ star photometry from this work and the 'standard' photometry in table 3 of Kilkenny et al. (1998) . Even though we have taken care with colour equations, there appear to be significant systematic deviations from exact agreement between the current (uncorrected) results and what we regard as standard. There seem to be linear systematics in Fig. 1 -at least in (B − V) and (U − B). Because some of the reddest GJ stars in Table 1 have only a small number of observations, we have also compared our current photometry for the Hipparcos stars to the table 2 results in Paper I -which were considered to be very close to the standard system. The comparison is shown in Fig. 2 . From the much larger number of stars, we derive linear corrections (to our current results) in (U − B) and (V − R) and non-linear (piecewise linear) corrections for (B − V) and (V − I). These corrections are in essential agreement with the Kilkenny et al. (1998) with data from this paper. The differences, , are in the sense (table 3 of Kilkenny et al. 1998 ) minus (this paper). Ordinate carets are separated by 0.01 mag (note that the scale for (U − B) is different from the other ordinates). differences in Fig. 1 but are better defined because of the greater numbers of well-observed stars. Any corrections applied are not more than 0.011, 0.030, 0.012 and 0.006 mag in (B − V), (U − B), (V − R) and (V − I), respectively. Similar plots to Fig. 2 were made with the data separated into dwarf and giant groups but no significant differences between the two groups were detected, so the corrections were applied irrespective of luminosity class.
After application of the correcting terms, we believe that the current data are very close to the system of Paper I and thus 'standard' values. The corrected results are listed in Table 1 for the GJ stars (means and standard deviations); the standard deviations of Table 1 . Mean corrected UBVRI photometry and standard deviations for GJ stars. The corrected results for the Hipparcos red stars are given in Table 2 , which includes mean photometry and standard deviations for each star, number of observations (n) in the mean and spectral types taken from table 2 of Paper I. Where a luminosity class is given in parenthesis that class is not derived spectroscopically, but is determined from the (U − B)/(B − V) colours. (Good separation for classes III and V is achieved -see, e.g. fig. 8 of Paper I -though Table 2 . Mean corrected UBVRI photometry, standard deviations and spectral types for Hipparcos red stars. 'Var' and 'Var?' indicate definite and possible variable stars, respectively. 'Var * ' flags stars which appear constant here but show discrepancies between any or all of: this paper, Laing (1989) and Bessell (1990) , and 'C' indicates stars which show very good agreement between all three sources. we are not able to distinguish class IV, for example). Alternate names for the Table 2 stars have been given in table 2 of Paper I, along with other useful information.
We have flagged several stars in Table 2 as variable ('Var') or possibly variable ('Var?'). The latter stars are generally brighter stars where it appears that the scatter in the data is worse than would be expected for a constant star. Of course, all Table 2 stars might well be variable at some level -many M dwarf stars exhibit occasional flares and can be constant for many observations and then show a sudden change. Some cool stars exhibit spots and could be almost continuously variable; these should have been mostly eliminated by the Hipparcos photometry or our own observations. The star HIP 37433, an M supergiant, appears constant in Paper I and also in our Table 2 , but the two results are quite different (and we have listed both separately in Table 2 ). It turns out to be a known pulsator, V384 Pup, a fact we missed completely. It has been classified as LC type (Kazarovets et al. 1999 ) -an irregular variable of late spectral type -and has a noted range of about 8.8-9.4 mag in V, in agreement with our observations. Overall, the Table 2 The largest scatter -in (U − B) -is substantially attributable to the low count rates achieved for all these stars in U. The scatter in V, also rather high, might well be attributable to unrecognized variability, but that is unavoidable in dealing with M stars. None the less, it is the case that even stars which are slightly variable in brightness can still prove to be useful colour standards. It is also worth reiterating that observers should not depend on small numbers of stars to establish red colour equations or to determine zero-points; observations of significant numbers of red standards are necessary to overcome the potential variability problem.
Comparison with other sources
As in Kilkenny et al. (1998) and Paper I, we compare our results to the extensive southern observations of Laing (1989) and Bessell (1990) . The intercomparisons are shown in Figs 3 and 4 , where it can be seen that there are no obvious colour terms. The zeropoint differences, excluding known or suspected variables, are listed in Table 3 and are overall very similar to those from our earlier contributions (Paper I and Kilkenny et al. 1998 ) and show little of significance -except that the large zero-point difference in (U − B) between our Table 2 and Laing (1989) is of some concern. We cannot entirely explain this, although inaccuracy at U for faint, red starsin both sources -is clearly a contributory factor. Exclusion of one or two data points substantially reduces, but does not eliminate, the discrepancy.
The intercomparisons also reveal a few more potential variable stars -objects which appear constant in any or all of Laing (1989) , Bessell (1990) and our Table 2 individually, but show large discrepancies between the data sets; these are indicated by 'Var * ' in the table. Perhaps unsurprisingly, they include all three stars classified as emission line ('e'), HIP 26081, 30920 and 102141 (=GJ 207.1, 234A and 799A, respectively) .
Again, we note that although stars are small-amplitude variables, still their colours may be useful. An example is HIP 50341 (=GJ 386) which appears constant in our results, but shows almost 0.5 mag difference in V with Bessell (1990) ; by contrast, the colour differences are all less than 0.005 mag.
A few stars have observations in all of Laing (1989) , Bessell (1990) and Table 2 , and some of these show very good interagree- Table 2 photometry overlap (including known or suspected variables) with Bessell (1990) photometry, where the differences are in the sense Table 2 and Bessell (1990) and Laing (1989) , excluding known or suspected variable stars. ment between all three; these are noted in Table 2 with a 'C' (for 'constant' or perhaps 'more likely to be constant').
J H K L P H OTO M E T RY
All infrared photometric observations were made with the MkII photometer on the 0.75-m telescope at the SAAO Sutherland site. The MkII infrared instrument uses an InSb detector and is an upgrade of -but very similar to -the MkI photometer described in Glass (1973) . Standard stars were observed between every three or four programme stars (equivalent to about one per hour) to track zero-point changes and all observations were reduced to the SAAO standard system (Carter 1990) . JHK results were obtained for most of the Table 2 stars (listed in Table 4 ) and selected stars from table 2 of Paper I (listed in our Table 5 ). L could only be measured for stars brighter than about L = 6. It is possible to estimate random photometric errors in the cases where repeated measurements of stars were obtained. Since at least Tables 4 and 5 were observed more than once in each of the J, H and K filters, a good measure of the photometric errors in these passbands can be formed. As the error distributions for the three filters were quite similar they were combined to give Fig. 5 . Based on this diagram it is safe to say that for the bulk of the measurement the errors in JHK are well below 0.02 mag. Measurements in L were obtained for 208 stars. Of these, 138 were observed more than once. A histogram of the standard deviations calculated from the repeat measurements is shown in Fig. 6 : the great majority of errors is below 0.06 mag.
C O L O U R A NA LY S I S
Since the target stars were selected from the Hipparcos catalogue, most have parallax measurements. Of the 389 stars for which we have near-infrared photometry, 351 have positive parallaxes; 58 of these have very large errors, giving σ (M J ) > 2. Two colourmagnitude plots for the remaining 293 stars can be seen in Figs 7 and 8. The (H − K) colour index is particularly useful for showing the dwarf star temperature sequence.
Colour-colour plots based on combinations of optical and nearinfrared measurements are particularly interesting. We concentrate on the 293 stars for which the absolute magnitudes allow us to separate dwarfs and giants with reasonable certainty: the dividing line is taken to be at M J ≈ 3 (from Figs 7 and 8). Experimentation showed that plots involving (V − R) -or alternatively, (V − I) -and a second index made up of the difference between an optical magnitude and Table 5 . JHKL photometry for the Paper I programme stars not listed in Table 2 . 
S U M M A RY
We have given homogeneous and standardized UBVRI photometry for over 100 M stars which can serve as secondary standards for red colour equation determination. We have also given JHK (and, where possible, L) photometry for nearly 300 Hipparcos red stars for which UBVRI photometry was previously measured. It is clear from Figs 9-11 that accurate fundamental properties of the stars in our programme can be derived by comparing the photometry to theoretical results. This is particularly true for those objects with accurate parallax measurements -see the recent work by Casagrande, Portinari & Flynn (2006) on G and K dwarfs.
